Rationale: Emergency Department visits and fatalities in which (±)3,4-methylenedioxymethamphetamine (MDMA) or (+)methamphetamine (METH) are involved frequently feature unregulated hyperthermia. MDMA and METH significantly elevate body temperature in multiple laboratory species and, most importantly, can also produce unregulated and threatening hyperthermia in nonhuman primates. A majority of prior animal studies have administered drugs by injection whereas human consumption of "Ecstasy" is typically oral, an important difference in route of administration which may complicate the translation of animal data to the human condition. Objective: To determine if MDMA and METH produce hyperthermia in monkeys following oral administration as they do when administered intramuscularly. Methods: Adult male rhesus monkeys were challenged intramuscularly (i.m.) and per os (p.o.) with 1.78 or 5 mg/kg (±)MDMA and with 0.1 or 0.32 mg/kg (+)METH. Temperature and activity were monitored with a radiotelemetry system. Results: Oral administration of either MDMA or METH produced significant increases in body temperature. Locomotor activity was suppressed by MDMA and increased by METH following either route of administration. Conclusions: The data show that the oral route of administration is not likely to qualitatively reduce the temperature increase associated with MDMA or METH although oral administration did slow the rate of temperature increase. It is further established that MDMA reduces activity in monkeys even after relatively high doses and oral administration.
Introduction
Many of the adverse clinical symptoms reported in Emergency Department (ED) visits in which 3,4-methylenedioxymethamphetamine (MDMA) or methamphetamine are involved (Ball et al., 2003 (Ball et al., , 2004 such as rhabdomyolysis, disseminated intravenous coagulation and acute renal failure (Henry et al., 1992; White, 2002) may result from hyperthermia (Buffum and Shulgin, 2001; Dams et al., 2003; Gillman, 1997; Green et al., 2003; Mallick and Bodenham, 1997; Prosser et al., 2006; Zhu et al., 2005) . It is now well established that MDMA (considered the authentic compound in street "Ecstasy" tablets) can elevate temperature in humans (Freedman et al., 2005) and many other species (Brown and Kiyatkin, 2004; Carvalho et al., 2002; Dafters, 1994; Fantegrossi et al., 2003; Fiege et al., 2003; Pedersen and Blessing, 2001; Rosa-Neto et al., 2004; Saadat et al., 2004; Taffe et al., 2006) . Methamphetamine (METH), which is often substituted for MDMA intentionally (Kelly et al., 2006; Levy et al., 2005; Wu et al., 2006) or otherwise (Baggott et al., 2000; Tanner-Smith, 2006) in the nightclub setting, likewise produces hyperthermia (Bowyer et al., 1994 (Bowyer et al., , 1992 Crean et al., 2006) , in some cases to an unregulated and fatal degree (Madden et al., 2005; Ricaurte et al., 2003 Ricaurte et al., , 2002 Yuan et al., 2006) . Animal models have been highly useful in identifying possible neurochemical and physiological mechanisms which may contribute to unregulated hyperthermia (see Green et al., 2004; Rusyniak and Sprague, 2005 , for review). One question which has not been explored to a significant extent is the influence of the route of drug administration on thermoregulatory responses to MDMA. This is potentially a critical issue since Ecstasy is overwhelmingly consumed orally by human users; one recent survey confirms that only about 8% of regular Ecstasy users have injected Ecstasy in the past 6 months (White et al., 2006) . In contrast MDMA, METH and other amphetamines have been administered by intramuscular, subcutaneous or intraperitoneal injection in most animal studies.
Studies on the risks posed by orally administered MDMA are also increasingly important because of proposed therapeutic applications. For example trials have recently been planned or initiated in the US, Switzerland and Israel to use MDMA in the treatment of Post-Traumatic Stress Disorder and for anxiety in late stage cancer (Doblin, 2006; Mithoefer, 2006a; Mojeiko, 2006; Oehen, 2006) . Furthermore, some recent findings from animal models suggest that MDMA may be therapeutically useful in Parkinson's Disease (Bishop et al., 2006; Iravani et al., 2003; Sotnikova et al., 2005) thereby increasing the potential for additional human trials and eventual clinical use of MDMA. Other amphetamines are already in current clinical use, for example METH is marketed as Desoxyn® for indications such as ADHD and obesity. The METH metabolite (+)amphetamine (which produces subjective and physiological effects in humans and other species that are highly similar to METH) is marketed for ADHD therapy (Adderall®). Perhaps unsurprisingly, amphetamines formulated for oral therapeutic use are frequently diverted for recreational use (McCabe et al., 2006 (McCabe et al., , 2004 Upadhyaya et al., 2005; Wilens et al., 2006; Wu et al., in press) .
Recent studies have shown that rhesus monkeys develop elevated temperature after intramuscular administration of racemic MDMA or either enantiomer and that the magnitude of the effect is invariant across ambient temperatures from 18 to 30°C (Von Huben et al., 2007) . In contrast rodent temperature responses are highly sensitive to ambient temperature and enantiomer (Fantegrossi et al., 2003; Malberg and Seiden, 1998) . Interestingly, MDMA appears to produce a greater magnitude of peak hyperthermia in rats in comparison with METH administered at an equal dose (Clemens et al., 2005 (Clemens et al., , 2004 whereas METH produces a similar peak temperature response in monkeys at equivalent or slightly lower doses compared with MDMA . Such observations suggest that monkey thermoregulatory responses to amphetamines may differ somewhat from rodents and at least in the case of ambient temperature be more similar to human responses (Freedman et al., 2005) . It therefore continues to be important to examine thermoregulatory responses to MDMA in nonhuman primate models.
The present study was conducted to determine if the acute thermoregulatory effects of MDMA and METH in rhesus monkeys are qualitatively different when administered orally or by intramuscular injection. Although primarily motivated to explore thermoregulatory risks associated with recreational consumption of these compounds, the studies also contribute to understanding risks associated with current and proposed medical use of METH and MDMA.
Materials and methods

Animals
Ten individually housed male rhesus monkeys (Macaca mulatta) were used in these experiments. Animals were 6-10 years of age, weighed 8.5-15 kg at the start of the study and exhibited body condition scores (Clingerman and Summers, 2005) of 2.0-3.75 out of 5 at the nearest quarterly exam. Daily chow (160-248 g; LabDiet® 5038, PMI Nutrition International, Richmond, IN, USA; 3.22 kcal of metabolizable energy (ME) per gram) allocations were determined by a power function (Taffe, 2004a,b) fit to data provided in a National Research Council recommendation (NRC/NAS, 2003) and modified individually by the veterinary weight management plan. The animals' normal diet was supplemented with fruit or vegetables 7 days per week and water was available ad libitum in the home cage at all times. Animals on this study had previously been immobilized with ketamine (5-20 mg/kg) no less than semiannually for purposes of routine care and some experimental procedures. Animals also had various acute exposure to raclopride, SCH23390 , methylphenidate, Δ 9 -THC, nicotine, mecamylamine (Katner et al., 2004a ) and scopolamine in behavioral pharmacological studies and 4 had been exposed to an oral ethanol induction procedure (Katner et al., 2004b) . Experimental drug treatments had been last administered a minimum of 1 year prior to the start of thermoregulation studies. These animals had been participating in temperature/activity studies related to this one and had received prior doses of delta9-tetrahydrocannabinol (0.1-0.3 mg/kg), MDMA (0.56-5 mg/kg), METH (0.1-1 mg/kg) and/or 3,4-methylenedioxyamphetamine (0.56-5 mg/kg) in acute studies no more frequently than once per week. The precise history of each animal was not identical but was highly similar within groups of six and four monkeys . The United States National Institutes of Health guidelines for laboratory animal care (Clark et al., 1996) were followed and all protocols were approved by the Institutional Animal Care and Use Committee of The Scripps Research Institute (La Jolla).
Apparatus
Radio telemetric transmitters (TA10TA-D70; Transoma/Data Sciences International, St. Paul, MN, USA) were implanted subcutaneously in the flank. The surgical protocol was adapted from the manufacturer's surgical manual and implantation was conducted by, or under supervision of, the TSRI veterinary staff using sterile techniques under isoflurane anesthesia. Temperature and gross locomotor activity recordings were obtained from the transmitters implanted in the monkeys via in-cage receivers (RMC-1; Transoma/Data Sciences International, St. Paul, MN, USA). Data were recorded on a 5 min sample interval basis by the controlling computer and represented as a moving average of three samples (− 5 min, current, +5 min) for each 10 min. Ambient room temperature was also recorded by the system via a probe mounted near the top of the housing room.
Drug challenge studies
For these studies doses of (±)3,4-methylenedioxymethamphetamine HCl (1.78, 5 mg/kg) or (+)methamphetamine HCl (0.1, 0.32 mg/kg) were administered intramuscularly (i.m.) in a volume of 0.1 ml/kg saline and per os (p.o.) in a volume of 1-2 ml/kg. Oral administration was conducted by training animals to drink flavored vehicle solutions (Tang®, KoolAid®, etc.) from a 10 ml syringe. Drugs were provided by the National Institute on Drug Abuse (Bethesda, MD, USA). All challenges were administered in the middle of the light cycle, either at 1030 or 1300 h, with active doses separated by not less than 1 week. The ambient room temperature averaged 23-27°C for these studies. The intramuscular 1.78 mg/kg MDMA and intramuscular METH data (and respective i.m. vehicles) were reported previously and are employed here as a comparison with the p.o. data. The 5 mg/kg MDMA i.m. and p.o. challenges were conducted in the original group of six subjects used in Crean et al. (2006) , however the remaining p.o. studies were subsequently conducted with 5 of this original group due to transmitter battery expiration in one of the original six animals. The ongoing studies, including the present, were conducted over an interval of about 5-14 months in a given monkey. In general, the 5 mg/kg MDMA studies were conducted within a month of the conclusion of the intramuscular studies (which were conducted over about 5 months) and the oral studies were initiated about 2 months later. For each active drug challenge the relevant vehicle data were collected within about 3 weeks of the active dose day. The rectal/telemetry comparison was conducted in a different group of 4 animals which participated in an earlier study . Rectal temperatures were recorded under ketamine immobilization (10 mg/kg) with the probe inserted ∼ 5 cm.
Data analysis
Randomized block (repeated measures) analysis of variance (ANOVA) was employed to evaluate acute treatment-related effects on temperature and activity. In general, two repeated measures factors were included to determine the effects of drug treatment condition and time relative to drug administration. The analyses were designed based on results from our prior studies. The temperature analysis for the lower dose MDMA challenges started 10 min prior to injection (referred to as "baseline") and continued for 2 h post-injection (sample "+ 120 min"). This interval was designed into the study as the interval in which normal, potentially disruptive, daily room activities were suspended, similar to our prior MDMA studies Taffe et al., 2006; Von Huben et al., 2007) , because original pilot work suggested this was the duration of acute MDMA effects at this dose. Analysis of the 5 mg/kg MDMA and oral METH data was extended to 300 min after dosing to permit a more direct comparison with our prior study in which the acute temperature changes lasted at least 5 h after intramuscular METH administration. Analysis was limited to 5 h after dosing as this was the shortest interval between dosing and the beginning of the dark period. The figures represent the temperature data as changes from baseline within individual as the most intuitive representation of both the dosing and analytic (i.e., repeated measures) designs. The statistical analysis of activity was similar to that for temperature except the time factor used 1 h bins for total activity counts. Post-hoc analyses of all significant effects were conducted with the Fisher's LSD procedure. All statistical analyses were conducted using GB-STAT v7.0 for Windows (Dynamic Microsystems, Inc., Silver Spring MD) and the criterion for significance in all tests was p b 0.05.
Results
Temperature effects of MDMA
MDMA significantly increased body temperature following either oral (per os; p.o.) or intramuscular (i.m.) routes of administration and at either dose (Figs. 1 and 2). A significant increase in temperature ( Temperature data are represented as changes from the average of three samples prior to administration for each animal to appropriately reflect the repeated measures analysis of the absolute temperature data. The break in each series indicates the time of injection; the slight change in temperature at time "0" in part reflects variation in administration to all 6 subjects relative to the computer sampling schedule and the moving average procedure, see Materials and methods. The intramuscular data were previously reported and are reused with permission from Elsevier. The open symbols indicate a significant difference from both baseline (the sample immediately prior to drug administration) and the respective vehicle condition and the ⁎ indicates a significant difference from the baseline (only).
administration [F 13,65 = 13.19 ; p b 0.0001]. The post-hoc test confirmed that after 1.78 mg/kg MDMA p.o., temperature was significantly elevated over baseline (10-120 min post-administration) and over the oral vehicle condition (20-40, 60-120 min). The post-hoc test also confirmed that temperature was significantly elevated over baseline after i.m. injection of 1.78 mg/kg MDMA (0-50 min). Temperature was also significantly elevated over baseline after i.m. vehicle injection (10-60 min) however did not differ significantly between i.m. vehicle and i.m. drug at any timepoint. Post-hoc analysis also confirmed a significant difference in temperature between i.m. and p.o. vehicle treatments and between i.m. and p.o. 1.78 mg/kg MDMA conditions for most timepoints; temperature was consistently higher by about 0.2°C.
The 5 mg/kg dose of MDMA also significantly increased temperature ( Fig. 2 ; significant main effects of drug treatment condition [F 3,15 Fig. 4A . Post-hoc evaluation confirmed that activity was lower than baseline (the hour preceding administration) and the respective vehicle timepoint in the first hour after 1.78 mg/kg MDMA i.m. In addition, activity was lower 1-2 h after 1.78 mg/kg MDMA i.m. and 1 h after i.m. vehicle in comparison with the activity after the same treatments administered p.o. Thus the low dose of MDMA initially decreased activity after i.m., but not after oral, administration. Activity was also lower than the baseline 5 h (p.o.) and 2-5 h (i.m.) after vehicle consistent with typical circadian changes across the day under normal circumstances.
Activity was also significantly decreased ( . The post-hoc test confirmed that activity was significantly lower after 5 mg/kg MDMA in comparison with both the pre-treatment baseline and the respective vehicle timepoint 1-2 h after i.m. administration and in the second hour after p.o. administration. In total, activity was significantly lower than the baseline for intervals 1-5 h after 5 mg/kg MDMA i.m. and from 2 to 5 h after p.o. administration. Activity was never significantly different from baseline after the i.m. vehicle and was lower than baseline only 4-5 h after p.o. vehicle. Finally, activity was lower 1, 2 and 4 h after i.m. administration of 5 mg/ kg MDMA in comparison with similar timepoints after p.o. administration. Thus activity was significantly reduced by 5 mg/ kg MDMA by either route, albeit to a greater extent when administered i.m. in comparison with oral dosing.
Activity was significantly increased (Fig. 4C) 
Telemetered versus colonic temperature
Four animals employed in a prior study were challenged with 5 mg/kg MDMA, i.m. and immobilized with 10 mg/kg ketamine, i.m., for rectal temperature evaluation 60 (N = 3) or 30 (N = 1) min after dosing. Rectal temperature was measured in the home cage and a simultaneous reading of the telemetered temperature was obtained via the real-time tracing feature of the data acquisition system (Fig. 5) . These data were compared with a baseline rectal temperature obtained during a prior immobilization for routine health exam; in this case the and are reused with permission from Elsevier. A significant difference from baseline is indicated by ⁎ , a significant difference from the respective vehicle timepoint by ‡ and a significant difference between doses administered i.m. and p.o. is indicated by #.
comparison baseline telemetered value was the sample collected just prior to the animal being removed from the cage. Statistical analysis with randomized block ANOVA confirmed a main effect of both drug condition [F 1,3 = 14.59; p b 0.05] and the source of temperature measurement [F 1,3 = 74.24; p b 0.01]. Posthoc exploration confirmed that all four measurements differed significantly from the three remaining conditions. There was no interaction between the main factors; in other words the difference between rectal and telemetered temperature was identical between baseline and MDMA conditions. Alternately, the difference in temperature attributable to 5 mg/kg MDMA was the same magnitude whether rectal (0.58°C; SEM = 0.22) or telemetered (0.69°C; SEM = 0.19) temperature was considered.
Discussion
This study demonstrates that the body temperature of rhesus monkeys is increased after oral administration of either MDMA or METH, much as it is increased by intramuscular injection of either compound. The results also show that MDMA suppresses activity in monkeys following both intramuscular (i.m.) and oral (per os; p.o.) administration. In contrast, activity was increased by METH whether administered i.m. or p.o. Thus qualitative differences in thermoregulatory or activity responses to MDMA or METH in monkeys are not produced by oral administration which enhances confidence in applying preclinical results to the human condition.
This study extends our recent findings in three ways. First it is demonstrated that the oral administration of either MDMA or METH leads to an elevation in body temperature in macaque monkeys. As a methodological matter the oral administration may lead to more interpretable outcome since intramuscular vehicle injection frequently Von Huben et al., 2007) , although not exclusively , results in a brief elevation of temperature; thus oral administration may be more a more sensitive preparation. Second, activity levels are either reduced (MDMA) or increased (METH), irrespective of route of administration. These findings are very consistent with prior reports on the effects of these drugs in monkeys after intramuscular administration Taffe et al., 2006) . Thirdly, the temperature response to MDMA in this study shows a dose dependency not previously observed, likely because the dose range was here extended to 5 mg/kg. The present results are also consistent with both general pharmacological principles respecting oral versus intramuscular administration and available pharmacokinetic data from monkeys. Specifically, the i.m. administration of 5 mg/kg MDMA resulted in a more rapid onset and higher peak temperature response (Fig. 2) in comparison with p. o. administration of the same dose. Available data show that peak plasma MDMA levels are achieved 30 min after 7.4 mg/kg MDMA s.c. in squirrel monkeys (Mechan et al., 2006) and 20-30 min after 10 mg/kg MDMA i.m. in rhesus monkeys (Bowyer et al., 2003) . When administered orally in squirrel monkeys, a 7.4 mg/kg dose of MDMA produced peak plasma levels 37% lower and 30 min later in comparison with subcutaneous administration (Mechan et al., 2006) ; in contrast the halflife was not significantly different. Similarly the intramuscular administration of either METH dose also increased temperature more rapidly compared with p.o. administration (Fig. 3) however the peak change in temperature was similar for this compound. In total the data suggest that oral administration delays the peak of the temperature response to MDMA or METH by about 20-30 min and may attenuate the magnitude of the peak temperature response to MDMA but not METH.
The comparison of the effects of route of administration on activity identified differences of interest. First it is notable that the i.m. administration of 5 mg/kg MDMA suppressed activity in monkeys, much as we have previously reported for lower doses of MDMA administered i.m. Taffe et al., 2006; Von Huben et al., 2007) and observed (unpublished) for a 10 mg/kg i.m. dose administered in a repeated dosing study (Taffe et al., 2002 (Taffe et al., , 2001 . In this regard the monkey response clearly differs from the consistent hyperlocomotion produced by MDMA in rats (Clemens et al., 2007; Frith et al., 1987; Gold and Koob, 1988) and mice (Fantegrossi et al., 2004; Risbrough et al., 2006) . The oral administration of 5 mg/kg MDMA also suppressed activity in monkeys although to a lesser extent than after 5 mg/kg i.m.; there was no effect after 1.78 mg/kg p.o. Interestingly, the lower dose of MDMA resulted in a much delayed increase in activity observed as a change compared with vehicle treatment (i.m.) or a failure to observe normal circadian reductions (p.o.). It should nevertheless be appreciated that such effects appear modest in comparison with elevations in activity induced by MDMA in rodent models.
The oral administration of METH increased the activity of monkeys relative to vehicle treatment conditions, in clear contrast with the effects of MDMA. In this case activity was elevated for several hours after either METH dose (Fig. 4C ) administered p.o. suggesting that oral administration may broaden the peak of the dose-response function. As in our prior studies Taffe et al., 2006; Von Huben et al., 2007) there was no evidence of repetitive, in-place stereotyped behavior consistently observed in any of the MDMA or METH treatment conditions. The most important part of the (expected) finding that METH increased activity in this model is that it functions as a positive control for our ongoing, relatively unexpected MDMA findings. It shows that that the relative insensitivity of the telemetered activity measure (requiring ∼3/4 of a cage crossing for a "count") and other design features do not prevent the expression of increased activity in this model. Thus the clear observation, replicated in three independent groups of monkeys Taffe et al., 2006; Von Huben et al., 2007) , that MDMA suppresses activity in monkeys is further bolstered. This outcome in monkeys underscores the fact that temperature responses to MDMA are not integrally coupled to increases in activity, similar to the report of effects in humans quietly resting in the laboratory (Freedman et al., 2005) . Thus this finding is also important for the translation of information to the human condition. While situational factors such as the "rave" party/ danceclub environment are important in MDMA users, it is often overlooked that substantial amounts of MDMA use takes place in more restricted social settings in which high levels of physical activity are not present. It is also clear that some cases of medical emergency arise from the quiet/nonactive MDMA episode (Libiseller et al., 2005; Melian et al., 2004; Patel et al., 2005) . The fact that MDMA does not cause an increase in activity in monkeys means that this species can model the nonactive category of human risk.
This study also highlights another important consideration in generating cross-species comparisons or inferences. The source of a "body temperature" measurement can be highly critical in smaller laboratory species. The skin temperatures of rat tail or rabbit ear pinnae are unchanged or even reduced following MDMA administration, while core or rectal temperatures are increased (Blessing et al., 2003; Pedersen and Blessing, 2001 ). Such findings indicate that MDMA-induced peripheral vasoconstriction impairs heat shedding and contributes to increased body temperature in these species. Peripheral heat shedding in rodents is also affected by additional environmental factors since rats in metal cages fail to develop rectal temperature increases after MDMA under conditions in which rats in acrylic cages exhibit 2.5°C rectal temperature increases (Gordon and Fogelson, 1994) and sufficiently low ambient temperature can block or reverse MDMA-induced hyperthermia (Dafters, 1994; Malberg and Seiden, 1998 ). Yet Freedman et al. (2005) have shown that oral MDMA increases gastric and skin temperature to a similar degree in humans under high or low ambient temperatures. We have shown that ambient temperature is similarly irrelevant to MDMA-induced changes in monkeys' subcutaneous temperature (Von Huben et al., 2007) . The direct comparison of rectal temperature with the subcutaneous telemetry measure in the present study further demonstrates that the rhesus monkey is more similar to humans than is the rat, because the magnitude of the MDMA effect on temperature does not vary due to source of the temperature measure. This is perhaps unsurprising since the telemetered subcutaneous temperature in rhesus differed from rectal by only about 1.8°C under ambient temperature conditions in which skin temperature differs from rectal by about 4-5°C (Johnson and Elizondo, 1979) . Together this evidence suggests that temperature effects of MDMA in the larger bodied species (or at least primates) are more consistent from core to periphery in comparison with rodents or rabbits. This suggests that caution should be employed when translating data regarding the physiology and pharmacology of peripheral vasoconstriction induced by MDMA in small animal models to understanding the etiology of MDMA-induced thermoregulatory distress in humans.
A critically important consideration in the present study is that the effects observed occurred well within a dose range that is relevant to drug exposure in both recreational and therapeutic contexts. User dose statistics (Fox et al., 2001) and Ecstasy tablet analyses (Cole et al., 2002; Schifano, 2000; Teng et al., 2006) suggest that a 50 kg (110 lb) "novice user" would be exposed to a 3 mg/kg MDMA dose frequently and a 4.5-6 mg/kg oral dose at least once. Currently running clinical trial for Post-Traumatic Stress Disorder administer a cumulative dose of 3.75 mg/kg in a 50 kg individual (Mithoefer, 2006a,b) . The tablets tested by harm reduction organizations suggest that in most "Ecstasy" tablets containing both METH and MDMA, METH content ranges ∼ 20%-100% of the MDMA content (EcstasyData.org, 2006) . Although absolute METH levels in such tablets are not available, the relative content suggests that the present doses are highly relevant to the Ecstasy user. In therapeutic use, the treatment target for ADHD children (FDA, 2004 (FDA, , 2001 ) is 10 mg of METH (Desoxyn®) or amphetamine (or an equivalent plasma profile produced with extended-release formulations). One clinical study of "mixed-salts amphetamines" (Adderall®) reported a mean amphetamine dose of 0.16-0.63 mg/kg (Greenhill et al., 2003) . Although Adderall® and Desoxyn® are approved drugs which permit titration of dose by the physician, it should be clear that the METH doses for the present study are similar to the most common therapeutic doses.
In conclusion, this study confirmed the hypothesis that oral administration of either MDMA or METH increases the body temperature of rhesus monkeys. It was further demonstrated that the maximum extent of temperature increase following oral administration was only moderately different from effects of intramuscular injection. Thus the oral administration of MDMA or METH, in doses that are highly relevant to both recreational and therapeutic exposure can disrupt critical thermoregulatory functions. It is therefore concluded that while route of administration may make a quantitative difference it does not introduce a qualitative change in thermoregulatory disruption associated with MDMA or METH in nonhuman primates. These data further support the validity of translating data arising from injected MDMA or METH in nonhuman primate models to the human condition.
